Preparation and Characterization of ZnS Thin Films Grown by Spin Coating Technique by Osanyinlusi, Oluwatoyin
 
Tanzania Journal of Science 46(2): 534-547, 2020      
 ISSN 0856-1761, e-ISSN 2507-7961 
© College of Natural and Applied Sciences, University of Dar es Salaam, 2020 
 
534 
http://journals.udsm.ac.tz/index.php/tjs                 www.ajol.info/index.php/tjs/ 
 




Department of Physics, University of Ilorin, Ilorin, Kwara State, Nigeria 
E mail: adetolusi@gmail.com 
Received 6 May 2020, Revised 18 June 2020, Accepted 25 June 2020, Published June 2020 
Abstract 
Spin coating technique was used to deposit zinc sulphide (ZnS) thin films successfully onto glass 
substrates and the effects of the number of spin times on the optical properties investigated. The 
morphology and structures of the prepared thin films were also confirmed. X-ray diffraction 
confirmed that spin coated ZnS films exhibited cubic structure, where reflections from (111), (220) 
and (311) are clearly visible with a preferential orientation along (111) plane. The calculated 
crystallite size for 1S sample from the XRD data is 8.8 nm. From the optical studies, the thin films 
exhibit good optical properties with relatively high transmittance (81 %) and low absorbance in the 
visible region. The transmittance decreases as the number of spin time increases, and this may be 
attributed to increase in thickness of the films. This feature is reflected in all the other optical 
parameters. The band gaps obtained ranged from 3.70 to 3.87 eV, which are relatively higher than 
the energy band gap of the bulk ZnS material (i.e., 3.65 eV) and it increases with increasing 
number of spin times. The SEM micrograph showed that the films deposited are uniform 
throughout the surface without voids. EDX analysis showed the presence of zinc and sulphur in 
the prepared films with percentages by weights of 78.2% and 6.0%, respectively, showing that the 
films are sulphur deficient.  These results therefore showed that the prepared ZnS films exhibit 
properties of materials that can be used as optoelectronic devices especially as window for 
photovoltaic cells. 
 




Recent studies on solar cells fabrication 
are geared towards reducing the fabrication 
costs in order to lower the price of the energy 
obtained. As such, the studies are directed at 
making use of thin films technology for their 
fabrication (Nair 1998). Due to the crucial 
role of zinc sulphide (ZnS) thin films in 
optoelectronic and photovoltaic devices, 
scientists and researchers have given more 
attention to the study of the properties of this 
compound. Generally, ZnS crystals exist in 
two forms; cubic (zinc blende) and hexagonal 
(wurtzite). The cubic form is stable at room 
temperature, while wurtzite, the less dense 
hexagonal form is stable at high temperature 
(>1020 °C) at atmospheric pressure 
(Arandhara et al. 2015, Berger 1997, Eid et al. 
2010). ZnS is a group II–VI n-type 
semiconducting material with a wide direct 
band gap of 3.65 eV (Gao et al. 2004), wide 
wavelength passband (Arandhara et al. 2015), 
high refractive index (2⋅35 at 632 nm) and 
dielectric constant (Ortíz-Ramos et al. 2014, 
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Rahchamani et al. 2015). The optical 
properties make it useful as a filter, reflector 
and planar wave guide (Mach and Müller 
1982).  
Although CdS is one of the most 
promising buffer layer for thin film 
heterojunction solar cells, ZnS has a wider 
energy band gap and when used to replace 
CdS, it results in the transmission of more 
high-energy photons to the junction, thereby 
enhancing blue response of photovoltaic cells 
(Nasr et al. 2006). Furthermore, the use of 
CdS thin films in large scale solar cell 
production could cause environmental 
problems due to high amount of waste from 
Cd compounds (Johnston et al. 2002, Sartale 
et al. 2005). Therefore, search for a Cd-free 
buffer layer materials have become a subject 
of interest and efforts geared towards 
overcoming these problems are still ongoing 
(Khatri and Patel 2018, Choudapura et al. 
2019). Thin films of ZnS have been 
successfully used as buffer layers to replace 
the CdS in CIGS based solar cells and have 
achieved a maximum efficiency of 18.6% 
(Liu et al. 2014).    
ZnS thin film is mostly suitable as a 
window layer in heterojunction photovoltaic 
solar cells; because the wide band gap reduces 
the window absorption losses and improves 
the short circuit current of the cell (Kumar et 
al. 2015). Researches have shown that ZnS is 
transparent to visible light, opaque to 
ultraviolet radiation and near infra-red 
radiations (Osiele 2001). ZnS materials could 
also be used in radio frequency field spattered 
films such as CdZnS and modified ZnS/CdS 
(Oladeji and Chow 2005).  
Different techniques have been used to 
fabricate ZnS thin films, like sputtering (Shao 
et al. 2003), molecular beam epitaxy 
(Kavanagh and Cameron 2001), spray 
pyrolysis (Elidrissi et al. 2001), successive 
ionic layer adsorption and reaction technique 
(Nicolau 1985), pulsed-laser deposition (Yano 
et al. 2003), chemical bath deposition 
(Fukarova-Juruskovska et al. 1997), chemical 
vapour deposition (Kashani 1996), liquid 
phase atomic layer expitaxy (Lindroos et al. 
1994) and spin coating (Kumar et al. 2015). 
Among these, the spin coating techniques is 
an attractive method for thin film deposition 
for various reasons: it is less hazardous, less 
costly, progressively more uniform as it thins, 
fast operating system and thus capable of easy 
scaling up. Additionally, the growth of the 
films occurs at a relatively low temperature, 
compatible with flexible organic substrates. 
As such, there is no need for the use of metal 
catalysts, and thus it can be integrated with 
well-developed silicon technologies. Also, 
there are varieties of parameters (spin speed, 
time of spin, acceleration, fume exhaust, etc.) 
that can be adjusted to effectively control the 
morphologies and properties of the final 
product (Tyona 2013).  
In this study, focus is on the deposition of 
good quality ZnS thin films by spin coating 
method. ZnS thin film samples were prepared 
at different number of spin times, for a 
maximum of up to four spin times. The 
resulting ZnS thin films were characterized by 
X- ray diffraction, scanning electron 
microscopy (SEM) and UV-Vis 
spectrophotometer. These characterizations 
were used to determine the structural, 
morphological, and optical properties of the 
films, respectively in order to ascertain the 
effects of coating spin times on the 
optoelectronic properties of the materials.  
 
Materials and Methods 
Spin coating technique was used to 
deposit ZnS thin films onto glass substrates by 
following the procedure described in literature 
(Balachander et al. 2016). Zinc acetate 
(ZnC4H6O4) was used as zinc ion source and 
thiourea (CH4N2S) as sulphur ion source. 1 M 
of zinc acetate solution was added to 1 M of 
thiourea solution using 80% isopropanol and 
20% distilled water as solvents. Commercially 
available glass microscopic slides of 
dimensions 25.4 mm x 76.2 mm x 1.2 mm 
were used as substrates. All chemicals were 
purchased from Sigma Aldrich and were of 
analytical grade, and the materials were used 




as received without any further purification. 
The solutions were mixed at temperature of 
70 °C for 1 hour using a magnetic stirrer 
coupled with a hot plate. The substrates were 
cleaned with isopropanol, acetone, and 
distilled water successively. All the cleanings 
were done ultrasonically. ZnS thin films were 
prepared by dropping the prepared solution 
onto the glass substrate mounted on the spin 
coater stuck. The spin coater was rotated 
at1000 rpm for 30 seconds. After each 
coating, the films were baked inside an oven 
at 100 °C for 60 minutes, to evaporate the 
solvent and organic residuals. After that, they 
were allowed to cool to room temperature 
inside the oven before applying a new 
coating. This procedure was repeated for a 
maximum of four times. Four sets of ZnS thin 
films were prepared, i.e., one-time spin, two-
time spin, three-time spin and four-time spin 
and were labeled 1S, 2S, 3S and 4S, 
respectively, giving four sets of samples.  
The films were studied for their optical, 
structural and morphological properties. The 
optical studies were carried out using 
Avantes-SAI-07086751 model UV-Vis 
spectrophotometer in the range of 300 nm to 
1000 nm. The spectral data were used to 
determine the extinction coefficient, refractive 
index, skin depth, dielectric constants and the 
band gap of the films. The crystal structure 
was studied using a Rigaku D/Max–lllC X-ray 
diffractometer at scanning rate of 2°/min in 
the range of 10–100°  at room temperature 
with a CuKα radiation of wavelength 1.5406 
Å set at 40 kV and 20 mA. Morphological 
studies of the films were done using a field 
emission scanning electron microscope (JEOL 
JSM 7600F Field emission SEM) coupled 
with an energy dispersion X-ray (EDX) 
spectrometer to confirm the elemental 
compositions of the films. 
 
Results and Discussion 
Structural analysis 
XRD analyses were carried out to 
investigate the structural properties of the 
prepared films. Figure 1 shows the XRD 
pattern of the spin coated ZnS thin film 
samples obtained at one-time spin (1S). Three 
intense broadened diffraction peaks can be 







, indexed as (111), (220) 
and (311). However, the most prominent peak 
corresponds to the reflections of cubic ZnS 
with major deviation along (111) direction. 
The observed XRD pattern is in good 
agreement with standard data JCPDS 
reference file No: 05-0566 (Nabiyouni et al. 
2011). This observation is similar to 
previously reported work for ZnS thin film 
deposited by spin coating technique 
(Choudapura et al. 2019) and chemical bath 
deposition (CBD) method (Eid et al. 2010, 
Tec-Yam et al. 2012). The XRD peaks are 
broadened due to nanocrystalline nature of 
samples. As the full width at half maximum 
intensity (FWHM) increases, the crystallite 
size decreases and vice versa (Banerjee et al. 
2000). 




Figure 1: XRD pattern of one- time spin ZnS thin film (sample 1S). 
 
The XRD data were used to determine 
the crystallite size (D), dislocation density (   
and micro strain (ε) of the (111) diffraction 
plane. The crystallite size was calculated 
using Debye-Scherer formula (Bendjedidi et 
al. 2015); 
   
   
      
                                (1) 
where: k is approximately equal to 0.94, λ is 
the wavelength of X ray (1.5406 Å), β is the 
width of  the most intense peak at half 
maximum intensity (0.0169 rad) and θ is the 
diffraction angle. 
A dislocation is a crystallographic defect, 
or irregularity within a crystal structure. The 
presence of dislocations ( ) strongly 
influences many of the properties of materials 
(Ali 2015). The dislocation density was 
calculated by the relation (Senthilarasu et al. 
2004):  
   
 
  
                                      (2) 
where: D is the crystallite size. 
The micro strain ε in the film was determined 
using the relation (Akl et al. 2018):  
   
      
 
                                  (3) 
The calculated value of the crystallite size, 
dislocation density, and micro strain are 8.8 




and 4.09 10–3, 
respectively. Nabiyouni et al. (2011) has 
reported a crystallite size of 8 nm for ZnS thin 
film deposited by chemical bath method. 
 
Surface morphology 
Figures 2 (a) and (b) show the surface 
morphology of ZnS thin films (1S) deposited 
at room temperature at different 
magnifications of 6000x and 8000x as 
obtained by SEM. From the micrographs, it is 
observed that the deposited film is uniform 
throughout the entire surface. The film is 
without any void or cracks and it covers the 
substrate well. From the figures, it is observed 
that there are agglomerations of the small 
grains. 






Figure 2: SEM image for 1S at magnifications of (a) 6000x (b) 8000x and (c) EDX for 1S. 
 
Elemental analysis 
 In order to identify the constituents 
of the prepared samples, typical EDX analysis 
was conducted for as-prepared ZnS thin film 
prepared at one-time spin (1S). The energy 
dispersive X-ray (EDX) analysis (Figure 2-c) 
confirms the presence of zinc (Zn) and 
sulphur (S) in the deposited film. The 
percentage by weight of zinc and sulphur are 
78.2% and 6.0%, respectively. This ratio 
indicates sulphur deficiency in the film. This 
may be ascribed to the higher sulphur affinity 
towards oxygen, so it might have been 
converted to SO2 and then evaporated. This is 
confirmed by the existence of the strong O 
(oxygen) signal (Shaban et al. 2015). The 
EDX spectrum also shows the peaks of C 
(carbon). The presence of O and C may 
originate respectively from the surrounding 
air atmosphere and the non-reactive metal 
salts (Choudapura et al. 2019). 
 
Optical properties 
 Figures 3 (a, b and c) show the 
transmittance, absorption and reflectance 
spectra in the spectra range of 300 to 1000 nm 
for the ZnS film samples of 1S, 2S and 3S and 
4S, respectively. From the transmittance 
spectra, the highest transmissions observed 
within the visible region of the spectrum for 
the 1S, 2S, and 4S samples are 81, 70, and 
53%, respectively. The 3S sample shows the 
same value of highest transmittance of 70% as 
the 2S film sample. The observed value 
compares favourably with reported value for 
ZnS thin films prepared by different methods 
(Rahimzadeh et al.2018, Erken et al. 2017). It 
is very important for the buffer layer of a solar 
cell to be transparent enough in order to allow 
c) 
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the passage of light through to the absorber 
layer (Bashar et al.2020). These properties 
show that the ZnS thin film obtained in this 
study is suitable for use as buffer layer for 
thin-film solar cells. 
 It is evident from Figure 3(a) that the 
transmittance decreases with increasing 
number of spin times. The observation could 
be ascribed to increase in the thickness of the 
films as the number of spin time increases. A 
sharp rise can also be observed at wavelength 
˂ 340 nm for all the films. This may be due to 
strong absorption of the films in this region as 
confirmed by the absorption spectra.  
 The transmission data was used to 
calculate absorbance (% A) of the films at 
different wavelengths using the relation (Roy 
et al. 2006): 
                                (4) 
where: T is the percentage transmittance (% 
T). 
The optical absorption spectra of the 
samples were recorded in the wavelength 
range between 300 and 1000 nm as presented 
in Figure 3b. Maximum absorption is 
observed in the short wavelength region; that 
is, in the ultraviolet region, for all the ZnS 
samples and then decreases with increasing 
wavelength. The overall absorption of the 
films within the visible region is low (close to 
zero) and it remains constant at this value 
throughout the region. It is observed from the 
plot that the four-time spin has the highest 
absorbance of 0.36% as compared to the one-
time spin which has a low absorbance of 
0.20% in the visible region. The increase in 
absorption due to an increase in number of 
spins of the films strongly affirms that the 
optical properties of the films are thickness 
dependent (Dissanayake and Samarasekara 
2018). This is because increase in film 
thickness implies there are more atoms 
present, and as such, more states will be 
available for the photons to be absorbed 
(Dissanayake and Samarasekara 2018). 
The percentage reflectance (%R) is 
determined from the relation (Abduljabbar 
2014): 
T + A + R = 100                        (5) 
where: A is the Absorbance (%A), T is the 
transmittance (%T) and R is the reflectance 
(%R). 
The plot of reflectance against 
wavelength is presented in Figure 3(c). It is 
observed that the reflectance decreases with 
increasing wavelength, but increases with 
increasing number of spin time with a 
maximum reflectance of 57% and a minimum 
reflectance of 21% corresponding to the 4S 

















Figure 3: (a) Transmission (b) Absorption and (c) Reflection spectra for 1S, 2S, 3S and 4S. 
 
 The extinction coefficient (k) which is 
directly related to the absorption of photons is 
calculated from the following equation 
(Chabou et al. 2019):  
   
  
  
                                       (6) 
where: λ is the wavelength of the incident 
radiation. 
Figure 4 shows the variations of 
extinction coefficient with wavelength for 1S, 
2S, 3S and 4S thin films. It is observed that 
the extinction coefficient spectra follow the 
same trend as the absorption spectra. The 
extinction coefficient decreases as the 
wavelength increases up to 340 nm, and 
remains constant beyond this value. It is also 
clear that the extinction coefficient decreases 
with increasing number of spin time. The 
sharp increase observed at wavelength ˂340 
nm can be attributed to the strong absorption 
of ZnS in this region. This behaviour 
compares favourably with the work of 













































































Figure 4: Plot of extinction coefficient against wavelength for 1S, 2S, 3S and 4S. 
 
Refractive index (n) was determined from 
the reflectance data using the relation 
(Abdullah et al. 2015); 
  
    
 
 ⁄  
        
                                 (7) 
where: R is the reflectance (%R). 
The variations of refractive index with 
wavelength for 1S, 2S, 3S and 4S samples in 
the wavelength range of 300 to 1000 nm are 
shown in Figure 5. From the figure, it is 
observed that the refractive index values 
decrease with increasing number of spins and 
has a maximum value of 1.23% and a 




Figure 5: Plot of refractive index against 
wavelength for 1S, 2S, 3S and 4S. 
 
The extent of energy absorption of a 
semiconductor is determined by the 
absorption coefficient of the material 
(Choudapura et al. 2019). The absorption 
coefficient, α associated with the strong 
absorption region of the film was determined 
from absorbance (%A) and the film thickness 
(t) using the relation (Balachander et al. 
2016): 
  
      
 
                                 (8). 
 The variations of absorption 
coefficients with photon energy for spin 
coated ZnS deposited at different number of 
spin time are represented in Figure 6. The 
absorption coefficients increase with 
increasing photon energy from 3.0 eV to 4.2 
eV. Since ZnS belongs to the direct band gap 
semiconductor, the relationship between 
absorption coefficient ( ) and incident photon 
energy (hʋ) is represented in Figure 7 as 
(Antony et al. 2005): 
        (     )                 (9) 
where:    is the optical energy band gap, 
while A is a constant that depends on the 
electronic transition probability. The band gap 
is determined by extrapolating the linear 



























































Figure 6: Plot of absorption coefficient against photon energy for 1S, 2S, 3S and 4S. 
  
 
Figure 7: Plot of        against    for 1S, 2S, 3S and 4S. 
 
The estimated values of energy band gaps 
for 1S, 2S, 3S and 4S are 3.70 eV, 3.80 eV, 
3.84 eV and 3.87 eV, respectively. The 
literature reported value for band gap energy 
of bulk ZnS is 3.65 eV (Berger 1997). It is 
observed that the band gap values of the thin 
films from this study are higher than that of 
the bulk ZnS, indicating a shift in band gap 
energy which could be attributed to quantum 
confinement effects arising from lowering of 
particle sizes (Kalyanasundaram et al. 2013). 
These values of band gaps for ZnS are similar 
to the values reported in the literature. For 
example, Mukherjee and Mitra (2012) 
reported a band gap of 3.70 eV for ZnS thin 
films deposited by spin coating method at a 
spin speed of 4000 rpm for 60 seconds, while 
Zhou et al. (2013) reported a band gap of 3.70 
eV for ZnS thin films deposited by chemical 
bath method. Manjulavalli and Kannan (2015) 
also reported values ranging between 3.84 and 
3.96 eV for ZnS thin films deposited by 
chemical bath method. A range of band gap 
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deposited ZnS was also reported by Chabou et 
al. (2019). He attributed the increase in band 
gap with increasing deposition time to a 
decrease in the disorder as the films’ thickness 
decreases. In particular, it is well known that 
the optical band gap of thin film materials, 
which are characterized by a length scale less 
than 10 nm, is higher than that of bulk 
material (Manjulavalli and Kannan 2015).  It 
is also observed from Figure 8 that the energy 
band gap increases with increasing number of 
spin times.  
 
 
Fig. 8: Variation of bandgap of ZnS thin films 
with spin times. 
 
The dielectric constant is related to 
refractive index (n) and extinction coefficient 
(k) by the relation (Ezema et al. 2007): 
     
                                (10) 
for real part  
and                                    (11) 
  for imaginary part. 
The plots of real (εr) and imaginary (εi) 
dielectric constant against wavelength are 
displayed in Figures 9 (a) and (b). Both real 
and imaginary dielectric constants decrease 
with increasing wavelength. They also show 
increase with increasing number of spin time. 
The absorption of the electromagnetic 
wave spectrum within thin films is dependent 
upon the material type, thickness, photo-
conductivity, and extinction coefficient of the 
films (Hassanien and Akl 2015). The skin 
depth (χ), which is a phenomenon that 
describes the reduction in amplitude of 
electromagnetic wave after it has traversed a 
given thickness, has the formula (Abass 
2015): 
    ⁄                                    (10) 








Figure 9: Plot of (a) real and (b) imaginary part of dielectric constants against wavelength for 































































Figure 10 shows the dependence of skin 
depth on the photon wavelength (300 to 900 
nm) for 1S, 2S, 3S and 4S. The skin depth 
increases as the wavelength increases up to 
the highest value of wavelength. It is also 
observed that as the number of spin times 
decreases, the skin depths decrease with the 
ZnS film deposited at three spin times (3S) 
showing the highest skin depth within the UV 
region of the wavelength. The 4S thin film 
deviated from the above trend as it showed 
the lowest value of skin depth.  
 
 
Figure 10: Plot of skin depth against wavelength for 1S, 2S, 3S and 4S. 
 
Conclusion 
Zinc sulphide thin films were prepared 
using spin coating method. The prepared films 
are polycrystalline in nature with cubic 
structure having reflections from (111), (220) 
and (311) planes. The broadening of the 
diffraction peak provides information about 
crystallite size. From the results of optical 
studies, it can be concluded that ZnS films 
exhibit good optical properties with relatively 
high transmittance (81%) and low absorbance 
(0.36 %) in the visible region. The increase in 
the number of spin time brings about a 
reduction in transmittance, dielectric 
constants, refractive index, extinction 
coefficient and absorption coefficient. The 
band gaps obtained range from 3.70 to 3.87 
eV, which are above the energy band gap of 
the bulk ZnS (3.60) and the band gaps 
increase with increasing number of spin times. 
The morphology of the surface shows that the 
films are uniform throughout the surface. The 
EDX analyses revealed that zinc and sulphur 
are present in the films with 78.2% and 6.0% 
by weight, respectively. Therefore, the results 
of the study show that ZnS films can be a 
good candidate for optoelectronic devices 
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